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Optimisation of image quality and X-radiation in medical imaging 











•  Setembro 2011 – Março 2012 
–  Audun, Luis, Jose, Martijn e Peter 
–  email 
–  Preparação e submissão do projeto no âmbito do Programa 
ERASMUS (IP) 
•  Agosto 2012 
–  Projeto aceite e financiado pela UE 
–  Início do planeamento 
•  Dezembro 2012 – Agosto 2013 
–  Reuniões Skype mensais 
–  Trabalho de bastidores bastante intenso (preparação) 
A origem do projeto 
A origem do projeto 
Organização, preparação de materiais de apoio 
 •  Blackboard, Facebook, contas de 
internet Usalford 
•  Handbook do estudante, 
handbook do tutor, o guia da 
cidade ‘your guide to Manchester’ 
•  Desenvolvimento das questões 
para investigação (triggers) 
•  Divulgação e recrutamento dos 
estudantes 
•  Controlo da qualidade dos 
equipamentos (monitores, TC, 
RDigital) 
•  Reserva de voos e alojamento 
•  Preparação dos eventos sociais 
•  Desenvolver a metodologia para 
a avaliação 
•  Obter a aprovação ética USalford 
•  Organizar os horários das 
atividades, briefings de tutores 
•  Identificar e preparar as leituras 
pré-curso 
•  Etc, etc… 
Porquê este projeto? 
•  Conhecimentos; Aptidões; Competências 
•  Desenvolvimento de competências 
–  Instrumentais; Interpessoais; Sistémicas 
•  Contributo para uma concepção de carácter 
multidimensional do estudante, preparando-o para 
apreender a importância da investigação, 
preparando-o para uma profissão de saúde 
 
Porquê este projeto? 
•  As novas soluções tecnológicas, a par da inovação e a 
mudança nos cuidados de saúde e dos processos de trabalho, 
constituem hoje os desafios do presente e do futuro para os 
profissionais de saúde 
–  O desenvolvimento da tecnologia e da informática 
–  A educação e a prática baseada na evidência (investigação) 
–  As mudanças nos processos de trabalho 
–  Trabalho em equipa 
–  Dimensão internacional 
 
Porquê este projeto? 
•  A investigação e o seu impacto na profissão 
–  Desenvolvimento de conhecimentos próprios das profissões 
– autonomia 
–  Impacto positivo nas práticas profissionais – benefício do 
doente 
 
Porquê este projeto? 
•  A investigação auxilia no processo de definição dos parâmetros 
de uma profissão: 
–  Nenhuma profissão terá um desenvolvimento sustentado sem o 
contributo da investigação 
–  É através da investigação que se constitui um domínio de 
conhecimentos baseados na evidência que permitam as boas 
práticas 
 
Porquê este projeto? 
•  Apostar num projeto associado à investigação, com 
uma base científica que contribua para uma melhor 
educação e prática profissional visando assegurar a 
credibilidade da profissão 
•  Aprendizagem centrada no estudante 
•  Adopção de metodologias de ensino que promovam a 
autonomia, o raciocínio, a capacidade crítica e a 










•  Investigação como via de saída profissional 
–  O OPTIMAX permitiu aos tutores e aos estudantes desenvolverem 
uma experiência única e uma visão 
•  Team-based research 
–  Desenvolvimento e aprofundamento de ligações institucionais 
(investigação) 
2.  Imagem médica 
–  Optimização da dose e da qualidade de imagem 
3.  Metodologia 
–  Medidas perceptuais da qualidade da imagem 
–  Cálculo matemático da dose efetiva 
Como foi? 
•  Antes da summer school 
–  Leituras preparatórias 
–  Algumas atividades a distância (na web) 
•  Durantes as 3 semanas da summer school 
–  Estudantes e tutores 
•  Alocados a 6 grupos de investigação 
•  Grupos: 6-10 
–  Dia típico 
•  8-8.30: briefing para os tutores 
•  8.30-  : investigação nos grupos 
As questões para investigação 
O trigger (exemplo) 
24 
 
Group 4. Using 2AFC methodology, determine how image quality varies with 
mathematically modelled effective dose when the ‘10kVp rule’ is used for AP pelvis x-ray 
imaging. Can you decide whether or not to use AECs 
Your group work room is: Mary Seacole Building - MS136. Please see timetable for a room 
change on 27th and 28th August. 
 
x Group leader – luis.lanca@estesl.ipl.pt 
x Loris.FRANCO@hesav.ch 
x Sabah (dr_sabah68@yahoo.com) is a post-doc physicist from Iraq. Presently he is 
an honorary researcher at Salford. He has agreed to be available to help you with 




Synne Ibrekk (NO) 
Ana Rita Santiago (PT) 
Chloé Marti (CH) 
Marloes Hardewijk (NL) 
Miguel Filipe Magro de Oliveira (PT) 
Sadeeda Nasir (UK) 
 
Helpful notes for group 4 
x An anthropomorphic pelvis phantom is available for this. Please note it does have an 
artefact (some barium in the colon) and we cannot remove this. 
x All computers in the imaging lab have installed on them the 2AFC software; a user 
guide is also within this handbook. Two items of your pre course reading will be of 
value to your methodology. 
x Ideally use the highest resolution monitors for displaying images for evaluation, 
however if they are being used a lot then it is OK to use the lower resolution 
monitors in the imaging lab. 
x The Monte Carlo dose software (PCXMC) is only located on one computer in the 
imaging lab – beware of this as at some point you need to use it (as do others). The 
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a b s t r a c t
Aim: A quantative primary study to determine whether increasing source to image distance (SID), with
and without the use of automatic exposure control (AEC) for antero-posterior (AP) pelvis imaging, re-
duces dose whilst still producing an image of diagnostic quality.
Methods: Using a computed radiography (CR) system, an anthropomorphic pelvic phantom was posi-
tioned for an AP examination using the table bucky. SID was initially set at 110 cm, with tube potential set
at a constant 75 kVp, with two outer chambers selected and a ﬁne focal spot of 0.6 mm. SID was then
varied from 90 cm to 140 cm with two exposures made at each 5 cm interval, one using the AEC and
another with a constant 16 mAs derived from the initial exposure. Effective dose (E) and entrance surface
dose (ESD) were calculated for each acquisition. Seven experienced observers blindly graded image
quality using a 5-point Likert scale and 2 Alternative Forced Choice software. Signal-to-Noise Ratio (SNR)
was calculated for comparison. For each acquisition, femoral head diameter was also measured for
magniﬁcation indication.
Results: Results demonstrated that when increasing SID from 110 cm to 140 cm, both E and ESD reduced
by 3.7% and 17.3% respectively when using AEC and 50.13% and 41.79% respectively, when the constant
mAs was used. No signiﬁcant statistical (T-test) difference (p ¼ 0.967) between image quality was
detected when increasing SID, with an intra-observer correlation of 0.77 (95% conﬁdence level). SNR
reduced slightly for both AEC (38%) and no AEC (36%) with increasing SID.
Conclusion: For CR, increasing SID signiﬁcantly reduces both E and ESD for AP pelvis imaging without
adversely affecting image quality.
© 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Optimisation, a strategy of reducing dose to the patient whilst
still producing an image of diagnostic quality, is imperative in
radiography and is recommended by both the International
Commission on Radiological Protection1 and the European Medical
Exposure Directive.2 This principle is important for all examina-
tions that involve ionizing radiation, however it is especially
important for high dose examinations. European ﬁgures identiﬁed
pelvic and hip radiography to be third biggest contributor to dose
frommedical imaging in the UK, with an annual frequency of 39 per
1000 of population.3 Pelvic radiography is a high dose examination
that irradiates radiosensitive organs such as the gonads; conse-
quently there have been numerous attempts to reduce the amount
of radiation to patients from this examination.4,5 Increasing the
Source to Image Distance (SID) is a simple and economical method
which has been investigated for reducing the dose of an antero-
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a b s t r a c t
Purpose: To compare the image quality and effective dose applying the 10 kVp rule with manual mode
acquisition and AEC mode in PA chest X-ray.
Method: 68 images (with and without lesions) were acquired using an anthropomorphic chest phantom
using a Wolverson Arcoma X-ray unit. These images were compared against a reference image using the
2 alternative forced choice (2AFC) method. The effective dose (E) was calculated using PCXMC software
using the exposure parameters and the DAP. The exposure index (lgM provided by Agfa systems) was
recorded.
Results: Exposure time decreases more when applying the 10 kVp rule with manual mode (50%e28%)
when compared with automatic mode (36%e23%). Statistical differences for E between several ionization
chambers' combinations for AEC mode were found (p ¼ 0.002). E is lower when using only the right AEC
ionization chamber. Considering the image quality there are no statistical differences (p ¼ 0.348) be-
tween the different ionization chambers' combinations for AEC mode for images with no lesions.
Considering lgM values, it was demonstrated that they were higher when the AEC mode was used
compared to the manual mode. It was also observed that lgM values obtained with AEC mode increased
as kVp value went up. The image quality scores did not demonstrate statistical signiﬁcant differences
(p ¼ 0.343) for the images with lesions comparing manual with AEC mode.
Conclusion: In general the E is lower when manual mode is used. By using the right AEC ionising
chamber under the lung the Ewill be the lowest in comparison to other ionising chambers. The use of the
10 kVp rule did not affect the visibility of the lesions or image quality.
© 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Being one of the most important examinations for the diagnosis
of many pathologies, chest radiography is responsible for 30e40%
of all the radiographs untaken. Thus, the optimization of the image
quality and the radiation dose is an important area of research.1e4
With the introduction of digital systems there is potential to
improve image quality and minimise the radiation dose, however
to achieve this it is necessary to adjust the technical parameters in
order to obtain high quality images.1,5,6 As explained in the “as low
as reasonably practicable” (ALARP) principle, the challenge is to
choose the best parameters to minimise the effective dose to the
patient while also providing a high quality image to make the best
possible diagnosis.7,8
In spite of digital imaging offering a wide dynamic exposure
range and also allowing radiographers to post process images,
several studies have demonstrated the possibility to overexpose.
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a b s t r a c t
Purpose: This study aims to investigate the inﬂuence of tube potential (kVp) variation in relation to
perceptual image quality and effective dose (E) for pelvis using automatic exposure control (AEC) and
non-AEC in a Computed Radiography (CR) system.
Methods and materials: To determine the effects of using AEC and non-AEC by applying the 10 kVp rule in
two experiments using an anthropomorphic pelvis phantom. Images were acquired using 10 kVp in-
crements (60e120 kVp) for both experiments. The ﬁrst experiment, based on seven AEC combinations,
produced 49 images. The mean mAs from each kVp increment were used as a baseline for the second
experiment producing 35 images. A total of 84 images were produced and a panel of 5 experienced
observers participated for the image scoring using the two alternative forced choice (2AFC) visual
grading software. PCXMC software was used to estimate E.
Results: A decrease in perceptual image quality as the kVp increases was observed both in non-AEC and
AEC experiments, however no signiﬁcant statistical differences (p > 0.05) were found. Image quality
scores from all observers at 10 kVp increments for all mAs values using non-AEC mode demonstrates a
better score up to 90 kVp. E results show a statistically signiﬁcant decrease (p ¼ 0.000) on the 75th
quartile from 0.37 mSv at 60 kVp to 0.13 mSv at 120 kVp when applying the 10 kVp rule in non-AEC
mode.
Conclusion: Using the 10 kVp rule, no signiﬁcant reduction in perceptual image quality is observed when
increasing kVp whilst a marked and signiﬁcant E reduction is observed.
! 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Technological developments in digital imaging highlight the
need to optimize acquisition protocols. Radiographers need to un-
derstand thoroughly how the different acquisition options affect
patient dose and image quality. The level of image quality should be
adequate enough to provide diagnostic information at the lowest
possible dose, without jeopardising diagnosis.1 Exposure optimi-
zation should protect patients from unnecessary dose and the
ALARP (As Low As Reasonable Practicable) principle should always
be kept in mind. Radiographers must constantly bear in mind this
important principle because unfortunately digital radiology sys-
tems allow examinations to be performed over a wide range of
exposure factors, and therefore patient doses. X-ray beam quality
and quantity is dependent upon kVp and mAs. Improvement in
image contrast and noise is seen when mAs increases; however
such an increase could elevate patient dose unnecessarily. With
digital technology ‘overexposure’ (using too high a dose than
necessary) can occur whilst perceptual image quality remains
acceptable.2 A result of this is the potential for dose creep to occur,
with little or no diagnostic outcome beneﬁt. However, if technology
and acquisition protocols are managed adequately then dose re-
ductions should occur without compromising image quality or
diagnostic outcome.
* Corresponding author. Tel.: þ351 218 980 447; fax: þ351 218 980 460.
E-mail address: luis.lanca@estesl.ipl.pt (L. Lança).
Contents lists available at ScienceDirect
Radiography
journal homepage: www.elsevier .com/locate/radi
http://dx.doi.org/10.1016/j.radi.2014.04.007
1078-8174/! 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Radiography xxx (2014) 1e6
Please cite this article in press as: Lança L, et al., 10 kVp rulee An anthropomorphic pelvis phantom imaging study using a CR system: Impact on
image quality and effective dose using AEC and manual mode, Radiography (2014), http://dx.doi.org/10.1016/j.radi.2014.04.007
Development and validation of a psychometric scale for assessing PA
chest image quality: A pilot study
H. Mraity a,b,*, A. England a, I. Akhtar a, A. Aslam c, R. De Lange d, H. Momoniat a,
S. Nicoulaz e, A. Ribeiro f, S. Mazhir a, P. Hogg a,g
aUniversity of Salford, United Kingdom
bUniversity of Kufa, Iraq
cOslo and Akershus University College of Applied Sciences, Norway
dHanzehogeschool Groningen, The Netherlands
eHaute École de Santé Vaud, Switzerland
f Escola Superior de tecnologias da Saúde de Lisboa, Portugal
gUniversity of Baghdad, Iraq
a r t i c l e i n f o
Article history:
Received 7 February 2014
Received in revised form
14 March 2014






a b s t r a c t
Purpose: To develop and validate a psychometric scale for assessing image quality perception for chest X-
ray images.
Methods: Bandura’s theory was used to guide scale development. A review of the literature was un-
dertaken to identify items/factors which could be used to evaluate image quality using a perceptual
approach. A draft scale was then created (22 items) and presented to a focus group (student and qualiﬁed
radiographers). Within the focus group the draft scale was discussed and modiﬁed. A series of seven
postero-anterior chest images were generated using a phantom with a range of image qualities. Image
quality perception was conﬁrmed for the seven images using signal-to-noise ratio (SNR 17.2e36.5).
Participants (student and qualiﬁed radiographers and radiology trainees) were then invited to inde-
pendently score each of the seven images using the draft image quality perception scale. Cronbach alpha
was used to test interval reliability.
Results: Fifty three participants used the scale to grade image quality perception on each of the seven
images. Aggregated mean scale score increased with increasing SNR from 42.1 to 87.7 (r ¼ 0.98,
P < 0.001). For each of the 22 individual scale items there was clear differentiation of low, mid and high
quality images. A Cronbach alpha coefﬁcient of >0.7 was obtained across each of the seven images.
Conclusion: This study represents the ﬁrst development of a chest image quality perception scale based
on Bandura’s theory. There was excellent correlation between the image quality perception scores
derived using the scale and the SNR. Further research will involve a more detailed item and factor
analysis.
! 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Chest radiography is one of the most frequently performed
diagnostic radiographic examinations in the United Kingdom. A
recent Health Protection Agency report (2010) showed that chest
radiography represented 19.6% of all radiographic examinations.1
Despite its dominance in the clinical assessment of a whole
myriad of diseases the interpretation of a chest X-ray image is
notoriously difﬁcult.2 Interpretation can be improved by evaluating
images of optimum diagnostic quality. For this to be possible there
needs to be robust mechanisms for assessing image quality.
Primary perception of image quality can be measured by asking
observers to assess contrast, spatial resolution and noise of an
image. Physical assessment can be undertaken by measuring the
detective quantum efﬁciency (DQE), modular transfer function
(MTF) and signal-to-noise ratio (SNR).3 These parameters are,
however, more of a measure of the system performance rather than
the ‘real’ clinical image quality perception.
Before any realistic assessment of image quality perception can
be made, the requirements need to be deﬁned. These requirements
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a b s t r a c t
Purpose: The study evaluates the pre- and post-training lesion localisation ability of a group of novice
observers. Parallels are drawn with the performance of inexperienced radiographers taking part in
preliminary clinical evaluation (PCE) and ‘red-dot’ systems, operating within radiography practice.
Materials and methods: Thirty-four novice observers searched 92 images for simulated lesions. Pre-
training and post-training evaluations were completed following the free-response the receiver oper-
ating characteristic (FROC) method. Training consisted of observer performance methodology, the
characteristics of the simulated lesions and information on lesion frequency. Jackknife alternative FROC
(JAFROC) and highest rating inferred ROC analyses were performed to evaluate performance difference
on lesion-based and case-based decisions. The signiﬁcance level of the test was set at 0.05 to control the
probability of Type I error.
Results: JAFROC analysis (F(3,33) ¼ 26.34, p < 0.0001) and highest-rating inferred ROC analysis
(F(3,33) ¼ 10.65, p ¼ 0.0026) revealed a statistically signiﬁcant difference in lesion detection perfor-
mance. The JAFROC ﬁgure-of-merit was 0.563 (95% CI 0.512,0.614) pre-training and 0.677 (95% CI
0.639,0.715) post-training. Highest rating inferred ROC ﬁgure-of-merit was 0.728 (95% CI 0.701,0.755)
pre-training and 0.772 (95% CI 0.750,0.793) post-training.
Conclusions: This study has demonstrated that novice observer performance can improve signiﬁcantly.
This study design may have relevance in the assessment of inexperienced radiographers taking part in
PCE or commenting scheme for trauma.
© 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
The Society and College of Radiographers (SCoR) are keen to
enhance the role of the radiographer in the acute trauma setting,
where it is believed that a preliminary clinical evaluation (PCE) and
commenting system could be valuable to Accident and Emergency
departments.1 This would precede the formalised clinical report
issued by a reporting radiographer, and as such could have serious
clinical implications if the radiographer was not able to successfully
convey their ﬁndings.
In many radiology departments comparatively inexperienced
radiographers may complete this task. The performance of the
novice observer is therefore critical and while it is clear that
appropriate training is required, it is also useful to assess capability
so that the effects of training and other variables can be quantiﬁed.
A study by McConnell and Webster2 found a signiﬁcant
improvement in the ability of radiographers to provide an accurate
interpretation of the image following some focussed training. It was
felt that relevant training could allow radiographers to better meet
the needs of a trauma imaging service. Another study by Hardy and
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